(Departmizenit of Physiology, Lonig Island College of Mlfedicinte, Brooklyn, New York) (Received for publication February 6, 1941) The physiological responses of the smallest blood vessels in human skin to mechanical and chemical stimuli have been the subject of numerous studies and several important monographs (1, 2, 3, and others). The qualitative aspects of the white and red reactions of the triple response have been well-defined and their localization to the smallest vessels has been established. Despite the extent of, and widespread interest in this subject, no attempt has been made until now to put these on a simple quantitative basis. Such experiments should enable an observer to measure the sensitivity of the skin capillaries in a subject from day to day, and to compare such data among a group of individuals. The present report offers one of two such methods which we have developed.
The procedure usually employed experimentally to elicit the several components of the triple response are mechanical pressure and local infiltration (by pricking or iontophoresis) of vasodilator or vasoconstrictor drugs. The chemical methods have been used in a quasi-quantitative manner (4, 5, 6 ) but these tests depend upon a number of factors which may only indirectly involve the sensitivity of the capillaries. Plethysmographic studies and measurements of skin temperature likewise fail to reflect the irritability of the smallest vessels (7, 8) . The response of these vessels to graded mechanical stimulation offers, on the contrary, a direct approach to this problem. The technic described below depends upon this principle. Its application rests upon control of two qualities of a stimulus, namely, intensity and duration. Thus, if a true measure of the excitability of the vessels were obtained, a typical strength-duration curve like that found in determining the threshold of excitability in nerve or muscle would result. The apparatus described below yields such data simply and quickly.
METHOD AND PROCEDURES
Apparatnes. This consists of a machine which varies two factors in a critical manner. The intensity factor is varied manually by changing the weights on a skin stroker. The duration factor is varied by having a device which will move this loaded skin stroker over the forearm at a suitable range of speeds. The duration of the stimulus over any portion of the skin may then be determined by calculation from the rate. In practice, a range of stimulus-durations of 12 to 14 seconds per centimeter to 0.03 seconds per centimeter was found to be necessary. Different speeds of the piston were obtained by controlling the outflow of compressed air in front of a piston on which a constant pressure is exerted. By glancing at Figure 1 , it will be seen that moving the carriage toward the reader would move the piston into the cylinder in the opposite direction, thus compressing the column of air in the cylinder. By adjusting the airescape valve at a previously determined position, the piston can be made to move at a given rate down the cylinder provided the tension exerted by the rubber motor remains nearly constant.
The technical details are simple. An ordinary tire pump provides the piston and cylinder. A section nine inches in length is cut off, leaving a blind cylinder with an air outlet. The rod which is attached to the piston is cut off and a length of number 22 gauge piano wire is connected to both sides of the piston. The cable is led off on the compressing side through the end-plate of the cylinder (drilled so as to provide an air seal). Both ends of the cable are looped over ball bearing pulleys and attached to a small turnbuckle on the carriage. The escape valve is a vital part of the machine and must be mechanically perfect. It must permit fine gradations in air-escape, since slight changes in this respect cause marked variations in the speed of piston travel. A valve consisting of two flat discs of number 18 gauge copper one and one-half inches in diameter and ground perfectly flat on one side was found suitable. In one disc, a hole five-thirty-seconds of an inch in diameter is drilled onehalf inch from the center; in the other, a slit threeeighths of an inch long is cut, placed one-half inch from the center, and tapered from one-eighth of an inch to a very fine point. When the ground surfaces of the discs are applied together it will be seen that as one disc is (2)), of even color and with sharp edges, surrounded by a broad pale area of vasoconstriction with sharply defined edges, is seen along the line of the stroke. Beyond this an irregularly defined flare may be present. Between these two responses is a third one which we have found convenient and easy to employ as the threshold response in measuring the sensitivity of the vascular reactions; it consists of the area of pallor seen in the two responses above plus a faint, mottled or incomplete red line along the line of the stroke. In judging this response, it is essential that a red tint, which acquires a color characteristic of oxygenated blood, be distinguished along the line, and that mere indentation of the skin is not mistaken for the threshold response. Little practice is necessary for this. Examples of the three responses are shown in Figure 2 . They have been taken from a model of the forearm on which the tache reactions have been depicted by an artist. For each successive stimulus-duration the threshold is re-determined, largely by trial and error, using various weights. A little experience shortens the time required for these determinations. After each trial, a new area of the arm is placed under the stroker plate and a reading made. Extensive trials have shown that the inner aspect of either forearm may be used interchangeably in making the points of the strength-duration curves. It is not necessary to clip or shave the hair from the arm; in fact, it is believed that this makes some skins less susceptible to the stimulus of the stroking.
RESULTS
The strenigth-duration curve. An example of one of the strength-duration curves, determined in the above manner, is shown in Figure 3 . In this, each point, indicated by a dot, is the threshold response. The shaded area indicates, at the top, the curve of appearance of the full maximal response (solid red line) ; at the bottom, the curve of maximal capillary vasoconstriction without the red line.2
The position of this curve on the same subject throughout the month of September, 1940, is shown in Figure 4 . The similar contours and the fair agreement of the several curves may be seen by noting the relative positions of the various symbols for the separate curves. These curves, it may be mentioned, apparently were not affected in their relation to each other by room temperature (wet or dry bulb), skin temperature, humidity or barometric pressure.
Thus far, curves similar to these (sixteen of which are shown in Figure 5 ) have been obtained 2 The third point on the curve followed immediately after a period of increased activity, as the subject was called from the room. By the time the next point (second from the left) was determined, recovery had occurred. FIG The dots indicate actual determiniationis of the response. The shadled area signifies, at the top, the level at which the super-threshlold responise is obtainied; below, the level at which the sub-threshold (constriction onily) is strongest, withiout a trace of the red. Vasoconistriction may actually be detected fainitly downi to 20 to 50 grams at any of these speeds. The third poinit from the left was made im-mediatelv after the subject returned to the room, after being called away. on thirty-eight normal men. 3 Where more than one curve was obtained, each represents the aver- 3 The choice of males was made by random sampling, and medical students from the first to the fourth years were selected as subjects. None was known to be abnormal or unhealthy in any way. In addition, members of the teaching and technical staff served as subjects.
Thirty-five were in the third decade of life and three in the fourth decade. Additional data were obtained on half as many more subjects, but these are not included in Table I since the curves are incomplete. (The data were obtained at a time wheni it was believed that another method of treatment, which utilized only the region of the inflection of the curve, was possible.) Insofar as they go, these data compare with the more complete curves reported here. It was impossible to obtain curves on only two subjects in the entire group. One of these, a red-headed subject who has never tanned, gave atypical responses throughout the range of stimulus-durations.
These were characterized by unusually intenise and large areas of erythema along the line of the stroke, without the surrounding area of pallor. The second atypical subage of all the curves for any individual. Attention may be called to several features of this group of curves. First, the point of inflection on most curves was obtained at a stimulus-duration of 1 to 2 seconds per centimeter, ten of these requiring between three to four hundred grams to induce the tlhreshold response. The remaining six curves, each of which was typical for the individual from whom it was obtained, showed somewhat different thresholds at the point of inflection. To what this may be attributed, we are unable to say at the present time. Second, with the exception of two curves, the weights necessary for threshold responses at the fastest speed was between five hundred and twenty and eight hundred grams. In the ject was periodically catatonic. His responses did not appear for from 2 to 5 minutes and they persisted for about half an hour. This is in contrast to the threshold responses in normal subjects which are usually maximal withini 40 to 60 seconds and subside within several minutes.
other two subjects, it was one kilogram. Finally, considerable spread was observed in the weights necessary for threshold responses at the slower speeds. Perhaps this may be ascribed partly to variations in skin thickness or water-content which the heavier weights would circumvent at higher speeds. But its true cause is not known.
Proof of the threshold nature of the strengthduration curve. The response which we have adopted as " threshold " is complex, consisting of an area of vasodilatation against a background of vasoconstriction. Doubt naturally arises, therefore, concerning the significance of the higher stimulus-intensities (weights) required at the faster speeds. May not the increased weight be required to elicit more injury in order to produce, in turn, more vasodilating substance to overcome a stronger vasoconstriction? Alternatively, is the capillary constriction of equal intensity throughout the range of the strength-duration curve, and, hence, is the red line of vasodilatation the result of an equal intensity of chemical inhibition throughout? The question is answered in favor of the latter possibility by the following experiments.
The thresholds were determined at four different speeds. They were then repeated at suitable intervals upon an arm in which various degrees of partial venous occlusion were maintained by a sphygmomanometer cuff applied immediately before laying down the stroke. Two such levels of occlusion were determined, one of which just served to prevent the halo of vasoconstriction along the line of the stroke, the other to permit, in diminished intensity and form, the halo of vasoconstriction. The purpose of this procedure was to show that, if the constriction were more forceful at the higher stimulus-intensities, then higher venous occlusion pressure would be necessary to prevent vasoconstriction than at the lower stimulus-intensities.
The result of one such experiment is shown in Figure 6 . It will be seen that, regardless of the circulatory conditions differ markedly from those in partial occlusion. In the latter, the blood flow is miiomlentarily impeded and then continues at a higlher pressure level (2), wlhereas in the former, the capillary blood pressure is materially lowered whlen arterial inflow is rapidly cut off by pressure.
The effect of circulatory stasis upon the excitability of the smiiallest vessels in the skin is showni in Figure 7 . In this, as in other similar experiments, tlhreshold stimuli were determilned at three different speeds following periods of stasis lasting from 1 to 6 minutes. It is clear that circulatory arrest for these periods of timiie does not abolish the contractility of the smallest blood vessels (confirming Lewis) but it does raise appreciably and progressively their threshold for excitation. The effect is more pronounced wlhen the stimiulus is applied quickly. To determine why circulatory arrest raises the threshold of the white and red reactions, a further investigation was necessary in order to distinguish between the effects of anoxia and of the action of metabolites and vasodilating substances which are known to accumulate in tissues in which the circulation is arrested.
Effect of anoxemnia oni the threshold. In this experiment, the subject rebreatlhed into and out of a closed tank filled with room air. The threshold of the skin response was measured, for one speed only, at intervals during the experiment. Expired air passed through soda lime to remove carbon dioxide. By means of suitable procedures, the oxygen in the expired air was estimated from time to time, and records of systolic pressure, diastolic pressure, heart rate, respiratory rate, and tidal air were made. From the latter, the minute volume of air respired was estimated.
The effects of diminishing oxygen tension in the inspired air are shown in Figure 8a . It will be seen that within 10 minutes, when the oxygen was reduced to about 17 to 18 per cent, a perceptible elevation of the threshold of blood vessel reactivity occurred. There was little effect on blood pressure, heart rate or respiratory rate and depth at this time. As the oxygen in inspired air reached a level of 13 to 14 per cent, however, changes in all the above were recorded, particularly with regard to heart rate and respiratory rate. At about this time, a very abrupt increase in the tlhreshold of the blood vessel reactivity occurred. Anoxemia without stasis, therefore, lowers the sensitivity of the smallest blood vessels in the skin and this is observed before important systemic circulatory and respiratory changes take place.
Effect of hypercapnia oit the threshold. The effect of increased carbon dioxide in the expired air presented an interesting contrast to the effect of anoxemia. In Figure 8b , it will be seen that a marked decrease occurred in the threshold of reactivity of the capillary blood vessels and, as in Figure 5 demonistrates the impracticability of using a simple measure like a capillary blood vessels and striated muscle, nerve) to electrical stimulation -content of the blood. (10, 11) . This is dlemlonistrated by plotting the atuire chantges o;t the data of the strength-duration curve on double icrease in the local skin logarithm paper. When this is done, as in Figure  Lnt of the reaction (i.e., 10, it is found that each curve falls along a he rate) was studied to straight line. This occurs whlen the duration of y to control rigidly the the stimulus is between 0.25 to 2, 3 or more a series of determina-seconds per centimeter. This was true for stimuvn in Figure 9 . The lus-durations of about one second per centinmeter nually and held at any in two curves only. The slopes of these and other 2veral minutes. When similar curves (Table I) THRESHOLD RESPONSE (CONSTANT SPEED, VARABLE WEIGHTS) Heavy dots, threshold; crosses, heart rate; stippled areas, pulse pressure lying between systolic and diastolic pressures. Bottom, continuous line, respiratory rate; circles, minute volume index (%); dots, tidal air (%). These data show that changes in the threshold of blood vessel reactivity occur, increasing in anoxemia, decreasing with hypercapnia; in each, the change is detectable before important changes in circulatory or respiratory activities occur.
The selection of an adequate "index of excitability " raises many imposing problems, and no entirely suitable or universally recognized method is available. Davis and Forbes (10) point out that chronaxie is an expression of excitability in terms of the time factor alone, and that this is entirely empirical. They suggest that the " index of excitability" of Lassalle (12) Table IB. Here, too, it will be seen that some variation in excitability is found, although the range for any subject is far less than that for the group as a whole. The meaning of the data shown in Table I is indicated in the statistical treatment shown there.
In the bottom line (Table IA) , the factors P, calculated according to the recommendation of Mainland (13) , has a value of less than 0.000,000,01. This signifies that, when observations from the same universe of data are obtained by random sampling in a group of similar subjects, a significant difference from the mean here given would occur only once in many thousands of samples. This mean, therefore, should serve as a base-line against which differences in reactivity of the skin vessels attributable to age, sex, disease or other condition may be shown with a high degree of confidence by adequate treatment of the data (13) .
In conclusion, mention should be made of the fact that, in the plotting of every curve in Figure  10 , a point is reached (the rheobase) at which the line curves and is parallel to the X axis. This is usual in curves of the strength-duration type (10, 11) . SUMMARY A method for measuring the excitability of the smallest blood vessels in human skin is described. Two qualities of the stimulus, intensity (in grams) and duration (in seconds per centimeter), are varied at will. The threshold response consists of the white reaction of the triple response, in the middle of which is just discernible the beginning of the red reaction of the triple response. A typical strength-duration curve is found for each skin, and proof is offered to show that it represents liminal, or threshold responses throughout.
The effect of certain physiological variables upon the threshold response is established; The threshold is raised progressively with circulatory stasis; in systemic anoxemia, the threshold is raised, and in systemic hypercapnea it is lowered. In both cases these changes are well-marked before there is significant alteration in heart rate, systolic or diastolic blood pressure, or in respiratory rate, depth or minute volume. A change in the temperature of the skin, by direct heating, brings about a change in threshold of about 2 per cent per degree Fahrenheit; the threshold responses are read to only 5 or 10 per cent, so that minor changes in room temperature during the course of an experiment do not affect the results seriously.
A procedure is described and applied to a series of data by which a coefficient of excitability is obtained. For the group of normal subjects, this offers a base line for comparison of the effects of experiment, disease or therapeutic procedure upon the sensitivity of the smallest vessels of the skin. 
